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SUMY

Project.

This report presents the results of a group effort to examine the "humm

factors" aspects of a current Pbvy developent. The system examined is

approaching the laboratory demonstration stage in its develogment and

therefore could be complmented by the investigations and results. A

representative sepent of the laboratory model system was used as the basis

for this project.

Results.

The examination was done in terms of (a) the information to be passed by

the electronic system to the huan users and (b) the way by which technicians,

as operators, would make use of the system (controls and displays).

Perhaps the most significant and yet most difficult to quantify are the

results of part (a). Table 1 shows a ccuparison of the information seen to be

required from the system, as perceived by Navy personnel, with the perceptions

of the system designers. The differences can appear to be slight and vastly

separated at the same time.

Control and display examinations were more to the point and easily

defined. Suggestions and proposals for both areas are made herein.
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Table 1.

Comparison Of User Defined vs. Designer Defined
Information Requirmnts

Defined By Phvy Defined by System Designers

Informtion Flow Information Flow
(Fig. 4,, Solid Lines) (Fig. 4, Dashed Lines)

Three (3) Hierarchical Levels, Three (3) Hiterarchical, Levels,
Lowest with two (2) Subdivisions Excluding Operations level

Commander Requires Status Commander and Commi. Officer
(System, Subsystem), Estimted Require System Status, EIR
Time to Repair (ETR), Equip-
ment Namue

Comander Requires System Camnder Requires System
Status Defined 1Z-M Status (Good,6rginal,Bed)

CamndOPS, and Equip- Comications Officer
sent level Require Sub- Requires Subsystem
system Status Defined Status (Good, Marginal,
Cl-C4 Bad)

Command and Equip. Level Maintenance Requires Equip-
Requires Equipment Name ment Name (for Faulty Sub-
(for Faulty Subsystem) system)

Cnder Requires Suppl Nkintenence Requires Supply
System Status for Euuet Syse Repaiur Eqimn
-Uder Repair DdrRpi

* Jintnce. ad Sqervisory Sime
$ Thchniciens Require Test
* laiwunt Information _______________

_________________________ I wii



The project has illustrated to both Navy perssml and system engineers.

that deveocwnta1 systems can have some definite benefits from serious hum

engineering inputs. A general recairnndation is that such inputs be a part of

the development process, and that in the case covered by this report, the

detailed recomendations of Section TV be incorporated.
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I. IKODUTON

1. Background.

a. General.

An electronic, microprocessor-controlled monitoring system is being

developed for the Navy. Its purpose is to provide performance measurement

information to shipboard personnel concerning the operation of a variety of

ship systems (called Base Systems). The information provided is to be used by

maintenance personnel in the testing and repairing of Base Systems equipment,

and by CUmmand personnel in the assessment of Base Systems status (good,

marginal, bad).

The monitor system will be situated in equipment areas, such as the radio

room, aboard ship. It is comprised of two major elements with a suitable

connection link between them. (See Fig. 1). The first element is the Base

system Interface (BSI) which is connected directly to the Base System

equipment and is operated by maintenance technicians in the performance of

test and measurement duties. A variety of BSI units my exist in a given

equipment area, depending upon the variety of equipment types. Each BSI will

monitor all of the equipments of a particular type in any one equipment space.

The BSI is controlled by, and communicates test results to, the second

element called the Local Area Terminal (LAT). Control signals and data

signals between the BSI and LAT are carried by the connecting link. There

will normally be one IAT in each equipment area, although an equipment area

could consist of more than one cospartment of the ship.

Operators of the Local Area Terminal will either be supervisory

maintenance personnel or maintenance technicians. The LAT is the controlling

1J



Figure 1.
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element for all of the BSI units connected to it, and it has access to all of

the monitor information about the Base Systems.

The LAT will send status data, derived from the BSI measurement

information, to Command personnel via an undefined system called the Camand

Reporting System. (See Fig.2).

b. Laboratory demonstration model.

Ccunuications equipments have been chosen as the intial equipments to be

monitored. A test configuration of a monitor system for selected

communications equipment has been designed and is being developed for

laboratory demonstration purposes. It will consist of two BSI units, of which

one monitors a high frequency (HF) receiver type, and the other monitors an

ultra-high frequency (UHF) transceiver type. Also included in the

demonstration model is a Local Area Terminal. These components of a

Commumications .bnitor System and the information they deal with are the

subject areas of this report. (See Fig.3)

2. Purpose of the project.

The purpose of this project is to evaluate the human factors aspects of

the design of a Communications Monitor System. This evaluation consists of

two parts:

a. The types and amounts of information required to provide the status

indication and maintenance measurement functions.

b. The displays and controls to be used by maintenance and supervisory

personnel during the operation of the BSI units and the LAT.

3. Scope of the project.

The Cmmunications Monitor System laboratory model will include more

3



Figure 2.
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Figure 3.

COmMications ?4bnitor System
(Laboratory Demonstration model)
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equipmnt than is described above. The description given is that of the

portion chosen as a suitable class project and as such defines the scope of

the project. The points of the evaluation are itemized below:

a. Information requirements.

(1) Status (comand)

(2) Wintenance (technicians)

b. Controls and displays.

(1) Local Area Terminal (supervisory technicians)

(2) Base Systems Interface for HF receivers (technicians)

(3) Base System Interface for UHF transceivers (technicians)

II. PROCDR

1. User requirements study.

Investigations were made into the requirements for information about

comiumications systems by shipboard personnel. Interviews were conducted with

active Navy personnel of both Command and Maintenance types. Documents which

indicate information requirements were studied. These are maintenance

check-off lists for technicians and operational procedures documents for

cmmnders. Interviews and discussions were held with the monitor system

designers to determine concepts of user requirements to which the system was

originally designed. The results of these two investigations were compared

for differences affecting the operation or configuration of the monitor

system. Consideration was given to the mmer in which the system should be

operated, mid to the types of personnel who would be operators.

The results of the investigations, comparisons, and exminations are

6
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described and tabulated In Section 111. A developmnt of the effort which

concerns the automatic production of certain maintenance and logistics forms

is included as Appendix A.

2. Control and display evaluation.

a. General.

Each of the BSI unmits included in this project (HF receiver and IIHF

transceiver) has an operator control panel design which will be used in the

laboratory model. The two coupleted designs were evaluated against

HIL-SID-1472B and other human factors design publications. The evaluation

studies were performed with consideration of the manner in which the monitor

system is intended to be operated, as determined during investigations of

paragraph 1 of this Section. The IAT operator control panel was designed new

for this project using the sm information and publications as used for the

BSI control panel evaluations. The results of the evaluations and design,

including diagrams of the control panels are given in paragraph 2 of Section

MI.

b. Procedure for Evaluating and Designing Controls and Displays.

The basic procedure used to evaluate and design the controls and displays

was as follows:

1. Determine the information flow and information display

requirements based on the results of the user requirements study.

2. Establish the functions to be performed by the operators and by

the equipment at each position.

3. Determine the actions to be taken and the controls to be used by

the operators.

7



4. Deterulne the characteristics of the planned operators.

5. Establish the operating environment (lighting, background noise,

etc) for the equipment.

6. Review military standards on human engineering design criteria and

technical books on htmn factors design criteria related to the design of the

controls and displays.

7. Design the controls and displays for LAT.

8. Prepare check-off lists for comparing the designs with documented

standards, and complete the lists by evaluating the designs against each

criterion on the list. Revise the design if appropriate.

9. Establish operating procedures for using the displays and

controls, and evaluate the conpatibility of the designs with these procedures

in terms of providing a controls and displays layout that provides for

efficient operation with a minimal probability of error.

The procedure did not include experiments. Recommndations about the

possible use of experiments are provided in Section TV.

III. RESULTS

1. User requirements study.

a. General.

The user requirements (types and mounts of information) investigated were

of two general classifications:

-as perceived by potential system users (Navy Command and Technician

personnel)

-as perceived by original system designers.

Data were gathered by interviews with a small number of personnel from active

S

.,[__



duty lkvy and from personnel engaged in design and demonstration of the

Mmitor System. The determinations mde and reported here are subject to such

refinement because of the presence of opinion and conjecture.

The general flow of information with regard to commications equipment is

shown in Figure 4, solid lines. This flow passes through three defined

hierarchical levels (Ref.6), ultimtely arriving at the Commnmding Officer

(CO). A summary of user requirements has been presented in Table 1 on the

Suimary page, and is repeated here.

b. Commmd requirements.

Information required at the Command level regarding communications spans a

wider range of detail than thought by the designers of the monitor system.

The requirement for information is a function of the operability of the

communications system. As the operability decreases, the need for detailed

information increases, culminating in an abiding interest in the estimated time

to repair, status of the supply system (for the particular repair), and the

name of the equipment at fault. Designers had considered that system status

(good, marginal, bad) and estimated time to restore were good and sufficient

information. Additionally, the requirement for logistics and supply

information extends into Command levels to an extent not considered by

original designers. More detailed information is presented on this subject in

Appendix A.

The highest level of refined information (system status) required by

Ckmmd is defined as MlI through M, in descending order of system

operability. The characteristics which define each of the levels are

presented as a flow diagram, Figure 5. Requirements for lower level

information develop when the above status indications show degradation of

capabilities. The lower levels of information are discussed in the following

paragraphs.
9
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Figure 4.

Hierarchical Inforut ion Flow
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Ccmnd and control CO*4JMING OFFICER (CO)
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Table 1.

Comparison Of User Defined vs. Designer Defined
Information Requirements

Defined By Navy Defined by System Designers

Information Flow Information Flow
(Fig. 4, Solid Lines) (Fig. 4, Dashed Lines)

Three (3) Hierarchical Levels, Three (3) Hierarchical Levels,Lo~west with two (2) Subdivisions Excluding Operations Level

Commander Requires Status Commander and Comm. Officer
(System, Subsystem), Estimated Require System Status, ETR
Time to Repair (ETR), Equip-
ment Name

Commander Requires System Commander Requires System
Status Defined MW-M4 Status (Good,Marginal,hd)

Command, OPS, and Equip- Communications Officer
ment Level Require Sub- Requires Subsystem
system Status Defined Status (Good, Marginal,
Cl-C4 Bad)

Command and Equip. Level Maintenance Requires Equip-
Requires Equipment Name ment Name (for Faulty Sub-
(for Faulty Subsystem) system)

Commander Requires Supply Maintenance Requires Supply
System Status for Equipment System Status for Bquipment
Under Repair Under Repair

Maintenance and Supervisory Same
Technicians Require Test
Measurement Information

11
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Figure 5.

)l--M4 Decision Flow Diagrm

IStart - O YES

Is at least 504 of
combined UHF, HF CONN
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Can at least one covered
RAIT circuit (ship/shore

or 1 ORE1M) be maintained?

9
Can at least one covered UHF

circuit be maintained?4
Is at least the NI) ROC

program operational?

Is LINK 11 operational?

Will operational equipment
sup-port standard TF

tactical commicat ions
and needs of embarked staff

if required?

Is at least 75% of
couimicat ion equinent
at design capability?

Will available equipmnt
.spport ship's fdnctions
-1, SSS , ASC, S

if applicable?

Will availtle accessory
plotting equipmnt support
an adequate tactical plot?
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Figure 5 (cont.)

Can LINK 14 transmit?

Can at least 2 covered RATT
circuits be maintained?9

Can ship perfom duties of
FAAWC or other area cammications

within design capabilities?

Is full capability (SOP)
program operational to
the extent that minor
progrm faults and

limitations do not signi-
ficantly degrade A?

Are sufficient operational
consoles available to
support all required CAC

functions including those
of embarked staff?
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c. Operations requirements.

The Operations level is an intermediate level more related to Command than

to Maintenance. Original designers of the monitoring system had not

considered the level directly; rather, they had supposed the techmician's

watch supervisors (thought to be Cammications Officers) to be an

intermediate level for the flow of information. Reference 6 shows that while

the idea is correct, the essentials are missing and the flow is from

Commications Officer to Operations Officer to Commanding Officer (Fig. 4).

The Communications Officer is a member of the first level (equipment level).

The highest level of system status information required at the Operations

level (Operations Officer) is defined as Cl through C4. Each major equipment

group will have a definitive set of considerations which indicate the level of

operability (Cl - C4) for the equipment group. Thus, HF commmications will

have one, Satellite communications (SAITCM) will have another, UHF

commumications will have still another, and so forth. The monitor system

under study herein has BSI units for HF and UHF ccummications, and the

criteria for establishing conditions Cl - C4 for them is classified, but can

be found in CO4WAVSURFPACINST 3501.3, Readiness Reporting Guide (Ref. 12).

d. Maintenance requirements.

The maintenance level (equipment level) is the lowest level in the

hierarchy and requires the nvst detailed technical information.

Technicians are required to perform a variety of measurements, usually on a

periodic basis, which are designed to ensure equipment operability. The

system in use is the Planned Maintenance System (PHS) and the information

required by technicians is delineated by Maintenance Requirement Cards (t4RC)

(Ref. S). An example MC is reproduced as Figure 6. This card is one of a

group related to P1S on HF receivers and indicates three tests which are

14



Figure 6.

Wintenance Requirement Card for

HF Receiver Sensitivity Test

Combat C-193 W-I

AN/SRC- 20,20A PM3 I 0.4
Radio Set

1. Test operate radio set.
GWBW ~mCA4V4C 0.4

1. Forces afloat comply with Navy Safety G . ,k
Precautions for Forces Afloat, OPKAVINST 5100 0.4
series.

mme 8. "Ann"? Nv fw

1. Handset
2. Dummy Load, DA-412/U (SCAT

4663)
3. Test cable, RG-213/U with

type C male connector on
one end and type N sale
connector on other end

Prellsimary
a. Set RI Amplifier AN-1565/URC switches and controls:

(1) TEST KEY to OFF
(2) EXCITATION to AUTO
(3) LOCAL-REHM to LOCAL
(4) RIP POWER OUTrPrr to KIGH
(5) POWER to POWER

b. Set AN/URC-9( ) switches and controls: -
(1) CHAN SEL to REMOTE PRESET
(2) MODE to TONE
(3) SQUELCH to OFF
(4) Power to ON
(5) DINNER fully clockwise

c. Set Radio Set Control C-3866/SRC switches and controls:
(1) EIRGENCY POWER to POWER
(2) LOCAL-REMOTE to LOCAL

d. Disconnect antenna cable from RF amplifier ANT Jack.
e. Connect dummy load to 37 amplifier ANT jack.
f. Connect handset to AN/URC-9.

1. Test Operate Radio Set.
a. Nomentarily press RADIO SET POWER START button; POWER

indicators on radio set control, 3F amplifier and AN/URC-
9( ) should light, U NGICY POWER indicator lamp on
radio set control should light.

b. Allow a 5-minute warmup.
c. Set AN/URC-9( ) METER switch successively to the

following positions; meter should indicate NORMAL at each
position.
(1) +325V
(2) +125V

December 1976 3

MAIP4?5NANCE Pr&OUIM!NT CAPM P/ACI
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performed by the technician. The test made by the BSI effectively makes the

three tests in one measurement, under controlled conditions, called "noise

figure test." This measurement is also displayed as "receiver sensitivity."

e. Nbnitor systm operators.

The IAT and BSI units of the monitor system will be operated by

technicians from maintenance divisions (ET rate, electronic technician). The

BSI will be operated by ET2 or E73 level personnel, and the IAT, a supervisory

position, will be operated by ETl or ETC. The refined information, status,

estimated time to repair, supply status, etc., will be forwarded to the

cmand Reporting System. The Communications Officer or Electronics ?4Wterial

Officer, as an organizational supervisor, is likely to make use of the IAT in

the case of a less than perfect system status indication (C2 through C4). The

Operations or Combat System Officer and the Commanding Officer, which

represent the next two higher levels of information flow, will be primary

users of the Comand Reporting System (CRS).

2. Control and display design.

a. IAT design.

The basic functions performed at the LAT are:

(1) Acquire and maintain information on the status of all BSI units

connected to it.

(2) Assign tasks for maintenance of these BSI units and supervise

the task performance.

(3) Report status information to Comand personnel.

Performance of the functions requires the ccpletion of various tasks, some of

which will be accomplished by equipment and others by personnel. The design

for the LAT controls and displays depends on which tasks will be allocated to

16

_ _ __,,_ , " - " ,,,I I IlliII"



operators and which to equipment. This allocation is based upon a

consideration of which types of things are done best by people and which by

machines, and is a major input to the system design. The systm design will

determine the man-to-man, man-to-machine, and machine-to-machine interfaces.

A block diagram showing these interfaces for the monitoring system is provided

in Figure 7. The specific tasks to be performed at the [AT are listed in

Table 2.

A design for the IAT controls and displays has been completed. The design

consists of a cathode-ray-tube (CRT) display device and an eight-button

function key control device. These are shown in Figure 8. Design of the

keyboard for alphanumeric entry of information about supply status,

operational capabilities (Fig. 5), or problems associated with repairing

equipment is beyond the scope of this project.

The specific control actions that the IAT operator would need to take were

determined and grouped into ten sets of eight or fewer actions per set. This

grouping enables the control devices to be a simple bank of eight function

keys. These keys will be positioned directly below a CRT that will display

the IAT information. The CRT display is divided into three areas as shown in

Figure 8. The functions to be performed when the operator presses a function

key will depend on the selected function key action set. The IAT action set

display shown in Figure 8 is divided into eight sections located directly

above the eight keys. Each section indicates the function which will be

performed when the corresponding key is pressed. The formats for this display

are shown in Figure 9. The top portion of the CRT display shows the current

overall status of the Base System equipment and the current status of the

monitoring system. These displays provide a quick overview of the current

situation and are continually updated to present the most current

17
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Figure 7.

Block Diagram of Mbnitor
System Interfaces
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Table 2.
IAT Task Allocation

No Task Description Al located To

1 Initiate tests to obtain a) Equipment, to accomlish
BSI unit status data and automatically when first
data on the performance of starting the monitor action
the monitor system and periodically thereafter

b) Operator, to accomplish
when needed due to a
particular si tution

2 Establish the rate of per- Operator
iodical automatic status
testing

3 Direct BSI Station Equipment Equipment
to perform unit testing

4 Receive BSI unit status Equipment
Informt ion from ESIs

S Maintain records of BSI Equipment
unit status data

6 Determine what testing to Operator
perform in special situations

7 Provide informat ion to the Equipment
operator for evaluation and
decision making

8 Provide status information a) Equipment, for information
to command personnel received from BSIs or

entered into storage
by keyboard

b) Operator, for evaluations
and estimates not part
of stored data

II
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Table 2. (cont.)

19 Respond to directions from Operator
i Icaand personnel

10 Keep informed about BSI unit Operator
status to eable making
maintmnance decisions

11 Direct maintenance personnel Operator
to perform specific tasks

12 Obtain and evaluate informal Operator
informat ion from maintenance
personnel

13 Supervise performance of Operator
maintenance personnel

20



Figure 8.
LAT Display and Control Console

I Current Condition Display

Status
Information

Di splay

LAT Action Set Displays
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Figure 9.
LAT Action Set Displays

Performance Checks on Monitor System Operation

NEXT LAT BSI 1 BSI I BSI 2 BSI 2 BSI 3 BSI 3

SET SELF _ _ _ _ SELF INTER SELF SKY

[hgLe Time For Periodic Unit Testing

NEXT JERMAL BSI 1 BSI 1 BSI 2 I 2 B SI 3 BS1 3
SET PERIOD 30 MIN 1 HR 30 MIN 1 ! 30 MIN 1 HR

Initiate BSI 1 R-1051 Tests-

NEXT R-1051 R-1051 R-1051 R-1051 R-1051 R-10S1 R-1051(~"() (2 3) (4) 1 S (6) (7)

Initiate ESI 2 SRC-20(N) Tests

N I ALL ALL RCVR F
jST SRC-20 TESTS SN OTPUT ILATION

Obtain Sumairy Status Displays

NET ALL _OBL JDATE CED HARD
SET__NITS [UNITS I IOUT I COYI

[ _______ Obtain BSI Unit Test Reports ___ ___

NEXT BSI 1 BS1 2 BSI 3 HARD
r UNITS _ UNITS UNITS COPY
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information. They are presented at the top of the display area and separated

from the other display information so that they will stand out, since they
alert the LAT operator to situations which may need his special attention.

None of the alerts were so time critical as to warrant the use of flashing

lights or audio signals. A proposed format for this display is sham in

Figure 10. The group at the left of this display shows the most critical

factors about the monitored equipment. The overall condition code (Cl, C2,

C3, C4) indicates the level of capability of the monitored equipment. The

other two status items are simply the number of Base Equipment units that are

experiencing problems (failures, no status information available, etc.) and

the number of unmits for which updated status information is needed shortly or

the units will be considered problem units. The group at the right of the

display indicates whether the different monitor system performance areas are

(C or BAD. These indicators were chosen rather than others such as GO and

ND-GO which would infer that the indicated status pertains to the ships

operational condition. The status indicated by OK or BAD is simply whether

the monitor system is operating correctly, not whether the operational

equipment is operating correctly.

Descriptions of other displays that will be presented to the operator are

provided in Appendix B.

b. BSI (R-1051).

The existing design for the BSI (R-t05l) control panel (Figure 11) has

been evaluated. Several changes are suggested in order to improve the design

from the human factors aspect. The changes are shown in Figure 12, and are

discussed below:
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(1) Remove the TALK, LISTEN, and SRQ display lights since they do not

present informtion pertinent to the operation of the panel or results of the

testing.

(2) Relocate the ENABLE, LOCKOUT toggle switches to the top of the panel

so that the operator's hand does not obstruct his view of these switches while

he is selecting the unit to be tested. This relocation places the indication

of whether or not testing of a unit is "locked out" near the status light for

that unit. If the operator inadvertently attemts to test a "locked out" unit

and sees no indiction of the test results on the status light, he will easily

notice that testing is "locked out"v.

(3) Keep the functional groupqing of control and displays, but clearly

indicate the functional boundaries and provide nore precise labels for the

functional areas.

(4) Provide a number label for each toggle switch and status light to

indicate with which receiver they are associated. Furtherimore, although it

cannot be done on the panel, the operator must be provided with information to

determine which actual physical unit corresponds to receiver number 1, 2, 3,

etc.
(5) Place labels indicating particular tests to be performed on the test

control pushbuttons where possible.

(6) Provide standardization afong BSIs of control andi display

positioning.

(7) Provide 1.25"1 instead of 1.00" separation between the centers of the

toggle switches, status indicator lights and unit selector push buttons. This

will reduc the risk of inadvertently bumping and possibly actuating an

adjacent control. The separation distances are slightly above the rcne

inimus in McCormick (Ref. 7), Figure 11-14.
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(8) Specify that toggle switches are 1/8 inch wide at the tip, 0.7 inches

long, and require a displacement of 50 degrees and force of 20 oz to operate,

pushbuttons are 0.5 inches square and require a displacemnt of 3/16 inch and

a force of 20 oz to activate. These characteristics meet the requirements of

tCormick (Ref. 7) Appendix B, Table B-2.

(9) Place the POM IN~O indicator light to the left of the power on/off

switch so that it is not associated with the SELF TEST pushbutton.

(110) Specify that status lights are three-color; red for failure, yellow

for pass but marginal, and green for good, and that the lights are 3/8 inch in

diameter.

(11) Reduce abbreviations to a minimum and use abbreviations in accordance

with M4L-S D-12C.

The use and lighting conditions which are relevant to the panel design are

listed below:

(1) The panel will be in a standard equipment rack in a shipboard

equipment area.

(2) Operators will be trained maintenance technicians meeting physical

and mental requirements for Navy enlisted personnel.

(3) The aid-point of the panel will be between 44 and 54 inches from the

floor.

(4) Operators may be required to write test results' nuerical values on,

blank forms. Therefore, the measured values, such as power output, will be

displayed for at least 15 seconds. When a test is inadvertently attempted on

a unit that has testing locked out, the test result readout will be of the

form ' M. 3 UKE OUT" so feedback to the operator is always provided.

(5) Operators will operate the panel from a distance no greater than arm's

reach (approximately 20 inches).

28

t. -. r
* 'r



(6) Rom lighting will be the normal shipboard equijuent area white

lights. Panel illuination will be above 1 ft-L.

(7) Panel surfaces will have a flat finish to reduce glare.

(8) The normal sequence of operations is as follows:

a. Set the toggle switches to NABLE or LOCIKRJ testing.

b. Perform "self test" and "interface test." Check the readout

after each test.

c. Select the test(s) to be performed (BSI SRC-2O only).

d. Select the unit(s) to be tested.

e. Check the unit status (status lights).

f. If the status light does not light, check the toggle switch

setting to see if testing of that unit has been locked out.

g. If the status light is not green, record the reported value on

the appropriate form.

h. If more than one test and/or more than one unit has been

selected, repeat items e, f, and g.

i. When additional testing is required, repeat items c through h.

Specific characteristics of the test results readout are as follows:

(1) The readout will be constructed from ten Hewlett-Packard four-

character solid state alphanueric display components. These coqmoents will

be arranged to provide two rows of 20 characters as shown in Figure 12. The

characters are formed with a 5 by 7 dot matrix using light-witting diodes

(LW's).

(2) 'The width and height of capital letters and numbers are 0.105 and

0.146 inches respectively except for the letter I and numer 1. 1 and 1 are

both 0.063 by 0.146 inches.

(3) The color of the characters is red.
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(4) Additional information, including the configuration of all 128

characters, is provided in Appendix C. This readout has been operated and

informally evaluated by various subjects. Their subjective feelings are that

the characters are very readable at the distances occurring in nonal

operation. When asked to estimate the height of the characters,most subjects

reply with a value of approximately 1/4 inch rather than the actual height

(0.146 inches). Also, the sample readout shown in Figure 12 is actual size

and these characters seem to be quite readable from 20 inches. Furthermore,

the character heights meet the requirement of 0.090 inches for a viewing

distance of 20 inches or less, with an illumination level above 1 ft-L as

specified in MIL-SID-1472B, paragraph 5.5.5.13. Experiments could be

conducted relatively easily and would determine if the readouts are indeed

acceptable. It is suggested that a group of 15 to 20 subjects be tested to

determine the accuracy with which the readout can be read at 20 and at 30

inches. A error would consist of perceiving a wrong unit number, measured

parameter (modulation etc.), or reported value (24 dB, etc.). A criterion of

acceptable percentage of errors would have to be established based on the

criticality of making an error. If the results prove to be inconclusive,

further testing could be performed.

c. BS (SRC-20).

The existing design for the BSI (SRC-20) control panel, presented in

Figure 13, has been evaluated. As with the other BSI control panel, several

changes are suggested. The changes are incorporated into the proposed panel

design shown in Figure 14. Nbst of the changes are the same as those proposed

for the BSI (R-1051). The use and lighting conditions for both BSI's will be

the same, and the proposed designs are nearly the same.
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There are three differences in the designs. First, the test results

readout will be me row with 32 characters, and it will display the measured

value of a given parameter for a specific unit. Second, there are only 5

different units to be tested. The third difference results from the fact that

the operator can elect to run any combination (or all) of four different tests

on a specific unit or on all units. This capability is provided by adding a

set of pushbuttons to select the test(s) as shown in Figure 14, and by

including a pushbutton to select all units.

The layouts of the controls and displays for the proposed designs of both

BSI panels are based on the sequence of operations described in paragraph

2.b BSI (R-1051). The primary considerations for the layouts are to arrange

controls and displays to:

(1) Minimize the lengths of links that are most frequently used by

considering the normal operational sequence.

(2) Minimize the interference between operating the controls and viewing

the displays.

(3) Maximize the standardization of panel layouts.

(4) Group controls and displays according to functions.

(5) Maximize simplicity of the layout.

The panel labeling is shown in actual size in Figures 12 and 14. The

minimum character height is 0.12 inches, and as stated in paragraph III 2.b,

the panel illumination will be above 1 ft-L. This size meets the requirements

as specified in MIL-STD-1472B, Table X for noncritical identification

labels. To assure that the other requirements of MIL-STD-1472B have been met

by the controls and displays of the LAT and both BSI's, a check-off list has

been completed. This list is shown in Appendix D. For the most part,

abbreviations have been avoided in both the panel labeling and display
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readout. The abbreviations used are listed below, and are in accordance with

MIL-STD-12C (applicable pages shown in Appendix E).

Labels RCVR for receiver

SIS for sensitivity

VSWR for voltage standing wave ratio

Readout ND for ntumber

Display FIG for figure

Same other abreviations may be used for parameter units, such as dB for

decibel or MV for microvolt, but these will always be standard technical

abbreviations. All abbreviations will be cumletely defined in users' manuals

and training materials.

IV. CDI ISIONS AND RBCI'M)TIONS

1. Conclusions.

a. User requirements.

The requirements for system status and technical informtion by the

various organizational levels of Navy ship's crews are established by official

instruction, operational activity (mission), operational readiness, individual

preferences, and other factors. Each of these usually interacts with some or

all of the others, as indicated in Section III.

Sme of the information is defined in detail, some is highly technical and

some extremely tedious. The proposed Shipboard Monitoring System appears to
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have a potentially significant role in the streamlining of lnformation flow

and the relief of some of the tedium.

b. Controls and displays.

Two operator control panels (for BSI units) were evaluated for human

factors and a third was designed for the first time (IAT). The evaluated

units were found to have a few undesirable aspects and were redesigned with

improvements. The LAT control panel design is proposed to the system

designers to be included in their laboratory model of the monitoring system.

2. Recommendations.

a. User requirements study.

The large variability of the kinds and distribution of system status

information, as suggested above, indicates a need for system designers to

incorporate a thorough investigation into the subject. The needs of the Navy

shipboard organization are documented, and the personnel are willing to

indicate problems and areas of difficulty in existing systems.

It is recommended that the designers of the Shipboard Nbnitoring System:

(1) Research the subject of information flow, as suggested in this

report, to clarify their concepts of the utilization of such systems.

(2) Identify existing systems which will be impacted by the

development of such a system (e.g. NAVIORSTAT, PMS, etc.) for the purposes of

solving old problems and avoiding the creating of new problems for shipboard

personnel.

b. Controls and displays.

The redesigned BSI control panels, and the proposed design for the LAT

control panel have been described in Section III, paragraph 2. The

recmmendation is that the system designers use these panels for their

laboratory model.
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As continued investigation into the human factors of the Sipboard

Monitoring System design, three types of experiments and testing of components

are suggested:

(1.) Readout devices (BSI).

Several types of alphanmeric readout devices are available which would

perform the required display function for the BSI. Among these are units

using the followving listed technologies:

(a) light emitting diodes (LED)

(b) plasma discharge displays

(c) liquid crystal.

(d) vacuum~ fluo~rescent

Because some of these technologies have been introduced recently and are still

being developed and changed, useful human factors information which could be

used in the selection of a particular display unit for the BI is not readily

available. For this reason a series of tests should be conducted to aid in

this selection process using subjects which match characteristics of potential

users. Candidate display units should be selected and operated in

environments which approximate those in which the various BSI units will be

operating aboard ship. Tests should then be conducted to determine if a

single display type can be selected to function optimally in all anticipated

enviromuents. In addition, special tests may be required to fully evaluate

each display type. For exaile, Riley (Ref. 13) reports that multiple imaging

as a function of vibration and refresh rates can occur. No investigation or

testing was done on this subject, but such effort is recmmended because of
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tmomw vibration problems aboard Navy ships.

(2) Variable function keys (LAT).

Operator entry to the IAT is by mans of the eight button function key

control device shown in Figure 8. The fmction of a particular key is

determined and controlled by the IAT as a function of system operation.

Labels for the fumction keys are located immediately above the buttons on the

CRT display device. Tests should be conducted to:

(a) evaluate the use of variable function keys vs a nuich larger number of

dedicated function keys.

(b) determine the optinun location and orientation of the function keys

relative to the location of the labels on the CRT device.

(c) determine the optimum location and character font for the key labels

for avoiding confusion with other LAT display informtion.

(3) System level testing and evaluation.

Testing and evaluation (T and E) of the monitor system will consist of the

following parts:

(a) Laboratory testing and redesign of breadboard unit by design engineers

(b) Shipboard testing of advanced development model conducted by system

designers with assistance of ship's personnel

(c) Shipboard testing of engineering development model conducted by Navy

testing organization (OFTEWVR). Each stage of testing must be concerned with

testing, evaluating, and optimizing human factors aspects of the design and

application of the monitor system, in order to ensure a suitable development.
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APPE4DIX A

User Requiremnts.

The typical Commanding Officer of a U. S. Navy ship wants to know as much
as possible about the status of his ship even though he may not ultimately

understand or "need to knoW all the information he requests. This is partly

because he is completely responsible for the ship, its equipment, and the

lives of all personnel on board, and partly because of the inquisitiveness of

the human being. However, the information required by Command level

personnel, such as the Commanding Officer and Department Heads, differs in

content and format from that required by shipboard maintenance personnel.

The maintenance information initially comes from the BSI and is directly

usable only in conjunction with the applicable MIC (Maintenance Requiremt

Card) and Technical Manual. This data need only go as far as the

LAT with the provision that it be stored for a specified period of time.

Additional data must be already stored in the LAT in the form of subroutines

or can be key entered by the operator. The amomt of information presented at

- the CRS (Comand Reporting System) is subject to close scruitiny, for if the

system does not circumvent today's cosumunications problsem within the ship's

chain of command it is useless at best. Since the information at the

BSI and LAT is already delineated, it remains only to look at the CRS

organization for information content.

The information presented and gathered should be, if possible, mostly from

reporting systems that already exist. This is possible because the Navy has

well-iefined information systems in use and it remains only to automate this

information, since it is familiar to everyone in the chain of ccmmand.

The information needed at the highest levels of Ccmmnd and Control is
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presented in the NAVR)RSTAT CAS3P System and R4S/lIS Systems. The Casualty

Report (CASRE) is the expeditious means of reporting the status of a ship

experiencing a diminished combat readiness posture. It serves to advise the

operational chain of cmmand of personnel and/or equiment/material conditions

limiting operational readiness and also alerts logistical cmmnds to the

situation. CASREPS are not a substitute for, but are in addition to, and

complement the 3-M (PM and IMS) data. Because of the timeliness of CASREP

information it is used in conjunction with NAVFRISAT data to evaluate the

combat readiness of Naval forces. It further alerts maintenance and material

managers to significant problems and thus not only initiates the actions

necessary to resolve the immediate casualty but also promotes detailed

analysis of 3-M and related data in an effort to prevent recurrence. Regular

3-M reports are required even though CASREPS have been submitted. Since a

CASREP reports only the casualty status of equipment/material, it is not a

substitute for reporting in the NAVR)RSTAT system. CASREPS are coded using

the readiness rating codes of C2, C3, and C4 which have as a basis the mission

area M, W2, 143, and 144 ratings in the NAVF)RSTAT. The 2-Kilo (Figure A-i)

and 1250 (Figure A-2) forms are also tied into this system. The ship's

maintenance action form (2-Kilo) is utilized as a request and documentation

form for ship's force or shore based maintenance. The 1250 document lists

information required to requisition a part from the supply system.

All of these reporting/documentation systems utilize the same basic

information and therefore lend themselves to use in the Cond Reporting

System.

The first level of reporting canes from the "' readiness ratings of the

NAWORSTAT. This details the overall readiness according to a general

breakdown of ship mission areas. Command Control and Cemnications (CCC)
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Figure A- 2
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covers the etire qzectrum of equijwent and is adequate for initial

reporting. The criteria for determining the rating are found in Figure 5.

Additinal criteria are classified but can be found as referenced in Table

A-1. Infotion key-mtered and retrieved from storage at the LAT, Table

A-2, can be used to print out docments 2-Kilo, 1250 and CO3BP messages with

mininu operator interface. Subroutines can be developed to provide this

informtion by the use of a simple mtrix, LAT operator interface end the

mintenance informtion generated at the BSI, Table A-3. This level of

informtion is of little consequence to Ca nd and it is used for indication

of equipment performance and proper selection of the R6 (Planned Ibintense

System) 14RC (kintenance Requiremnt Card) and technical nnual for trouble-

shooting the inoperative equipment.
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Table A-i
Commnand Reporting System Data

1.0 Mission Area Status (Ref. 6, Ref. 12)
1.1 Mission Area Suibsystem Status (Ref. 6, Ref. 12)
1.2 Capability Degraded, That Subsystem
1.3 Equipment Degraded
1.4 Estimated Time to Repair
1.5 Parts Status (if required)

Table A-2
Local Area Terminal Data

2.0 Data keyed by operator and/or retrieved from storage to fill out OFMAV
4790/2-K Fig A-1, NAVSLJP form 1250 Fig. A-2, and CAREP Message (Classfied)

Table A-3
Base System Interface Data

R-1051

3.0 Noise Figure

SC-20

4.0 VSVR
4.1 Output Power
4.2 Nedulation
4.3 Receiver Sensitivity
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Appendix B

The center area of the IAT CRT will display various tables which provide

status information. This informtion my be general or detailed, and refer to

the overall status of the equipment or a specific parmeter of a particular

unit. The displays must provide operators with informtion that is meaningful

and helpful for performing their tasks. Figures B-1 through B-5 show a first

cut at the display designs.

Operators will be provided with training and mnuals to assist them in

reading these displays. IkHwver, care has been taken to make the displays as

clear and direct as possible. It is expected that sam rATs will control three

BSIs and so the designs make provisions for a third BSI. The actual tables

presented at a IAT will only show BSIs that are controlled by that IAT.

The test report for units monitored by BSI 2 is shown in Figure B-5.

Similar test reports will be provided for the units monitored by other BSIs.

44



a w,

at

04 V..
LAx

(~J UJ
e~g4c

4p L4.b 0 .

IAA
'4-

%-0 -;s~~0 1

&A 00 0 0 w

2 0I

of Vt cca w t

£ 445



THIS PAGER IS BE2ST QUALITY PSAAUVAB
T"~) C"Y FUISSHD TO B~1O *.

DISPLAky AREA

-- - -t -los

k4E~tlACPCb& PAILCO

'rftu',.h_ OAD A~

&&I 4AO I

TtsritG~c tOueca outr

loattyleC ?61335 WI ' A 5iSML^,* TAvSLv l:*g 31
IuL.SE t~Sba~,TSIACI Foot BM 3 Am*e -tEw *AI

F vp 9-w 91m I PP.SGLWM Vf4I'S P'fLA-Y

46

77o .*



L$PA~G IS RM QX&UM~ i0jgg

DISrOLA1 A kE A

k- tort (4) vjg5 i 'Ott-(s) 143S

UVJITh VIA WILL bP Dvi h*'T~b AT ?(I. 'IME'~

T S413 tI ti IS SPLAYS. Go V RUM TIhU

VPPDATC NCEOIZO VDmc.Ti*b ICCv% S 33

Fsovf'-a B-3 %)UITS NEEDIM& 'TAT%pt L)Ot DISPL&Y

47



________ I~SFL PY AREA

LSIv Of LOLKS*6 Ouf %AM I ItI

531 1 831 E 811l 3
UNIS umitsW I'vs

P-1081 (4) sIC-I o (0)

&48

NOC 11 9%W 3 IP.VOWE ~
11r9-I# *---'--- V-,w % b LIC 1 RES



13St"LA-r A RZA _______

mIL a ow. 3.1 %TA'V%& a PASS

PAftAU" SICh Vs "VSV FAIL 11(OOD

SpJS GooS

GOOD

0 1APLA%(Vi V

Wo.Pt ~v ttoTTU WOAHAL Sig~. It P3J*' N~t: 1ko Li.
110"t~ Ptt ALLqvc ljAlwA 'TcT*t %wDLI

l~xkv-SVL.'( AIkA

?~a Pomo p vc #%m WIM AL 631 tWkTIdwcT~w e

THI L"ON 61PI Fo T141 011Nf SI I.V45 Pilw wSv

Fivwvc 85 TKS Refoit' FORt '03% t 1I
49



Appendix C

LED Display Characteristics
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.FOUR CHARACTER *

HEWLETTS PACKARD SOLID STATE W2
COMPONENTS ALPHANUMERIC

_ DISPLAY
TECHNICAL DATA APRL IM7

Features
* INTEGRATED SHIFT REGISTERS WITH

CONSTANT CURRENT DRIVERS
* CERAMIC 7.62mmu (.3 in.) DIP

Integral Red Gless Contrast Filter
* WIDE VIEWING ANGLE
* END STACKABLE 4 CHARACTER PACKAGE
* PIN ECONOMY

12 Pins for 4 Characters
" TTL COMPATIBLE
* 5x7 LED MATRIX DISPLAYS I ULL ASCII

CODE
" RUGGED, LONG OPERA IING LIFE
" CATEGORIZED FOR LUMINOUS INTENSITY ...

Assures Eano of Package to
Package Brightness Matoitng

Desription
The HPHNDSP-2000 display is a 3.8mm (0.15 inch) SO7 LED array for display of alphanumeric information. The device is
available in 4 character clusters and is packaged in a 12-pin dual-in-line type package. An on-board SIPO (serial-in-
parallel-out) 7 bit shift register associated with each digit controls constant current LED row drivers. Full character display
is achieved by external column strobing. The constant current LED drivers are externally programmable and typically
capable of sinking 13.5mA peak per diode. Applications include interactive I/O terminals, point of sale equipment, portable
telecommunications gear, and hand held equipment requiring alphanumeric displays.
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Absoute Maximum Ratings
Supply Voltage Vt i to Ground ......- O 5V to 6.OV Storage Temperature Range. T .... 55"C to +100C
Inputs. Data Out and Vt........ -0.5V to V,,* Maximum Allowable Package Dissipation
Column Input Voltage. V.. .... -0.5V to +6.OV at T,, 25C"'............ 1.70 Wattse
Free Air Operating Temperature Maximum Solder Temperature 1.59mm (.063*')

Range, T.- ............ -20OC to +700C Below Seating Plane t<5 sacs............ 260rC

Recommended Operating Conditions___
FWmNSW am ML obft MEL 1Mb

-&** MW~q VCc 4.75 5.0 265 V
Data Out Curent Low State lug 1A mA
DaOut Cwurrent. Highstat 6. _ __-

-Culum Iput V~ha Columtn On Vo 2.A ______ V
3^Twe lvme 70 T 45 __ _

HOW TlW l111 30 0 ne
WhofClock litaier 75 no__ _ _

clckFrqunc1
t .- 0 we____ 3Mt

Fewe r Operain Temperature Rwige Tie -20 ____ 70 ___

Electrical Characteristics Over Operating Temperature Range
(Unlesa otherwise specified.)

Sa6a uet Toat Coevisne NIO. Type Na". Unit
V JL- 6 25V Va - OV 45 so mAfil

Suppl cwmdIt t. VI.K ". V"AIA ' 2.4V

Logical I Va 2.4V 73 Is mAl

Colufffn Current at wey Columrn Input l,,t l V(- S-ge Vi Log5. alV Vs-.dV 1.5 mA

Colum Current af any Colurn Input l~V9-2AV 335 410 m

Peak lumelnous Intensity per LEOP3 71 Vt., - 5OV. Vcuf. - 3-5V
(Character Average) I.FFAK T. . 251C' 4 1 Ve-2.4V 108 2W0 Poll

Vs. Clock or Data Inepit Threishold High Vim. Vt v - Vt tie - 4.75V -j - -j V
Vs. Clock or Data Input Threshold Low V, 08

Vs.Clck f"20 so AIptCurrent I V111Cl111 I V V..-=5S25V, V. - 2.4V- -
Data In liii 10 40 ____

urrn mfdLgcal 0 pelak it -800 * pA
Detain III V,, -=5,25, Vt,, 04V - M -2  W~ - pj--

am eout V~lg Vim Vc.. 4-75V. (it .mA. V,,. 0V 2.4 3.4 V
________________ VIA. Vt.u. 4.75V.o tre, CMA, Vv.. -4V 0. A V

Powerl Ole&Aaon Per Pacag Pi, Vs LEa F. o. 2.6 0 V - . W

NOTS: li meuarate esu d iaon t eth the m vay in c aic hving athe rmalo~n reisitlac rmpn ofebfrto 5Cvln

Th A ne heu l beM draie lieal t bo ve2itt1m u lcrclDscito npp3

3,TeCleslirae aeoizdfr uios nlaletveehth nesiycteoydsintd yalttrcef,0 52btomO h
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.- Post soldne cl l a,.q may lXi *cW.piesh0d using water,
- "Freon/ialcohol mixtures formulated for vapor cleaning

5 w 1.6V ' processing (up to 2 minutes in vapors at boilifg) orJ 0Freon/alcohol mixtures formulated for room temperature

A.Ka - -t~
j cleaning. Suggested solvents: Freon TF. Frson T,

oTA III I -M .,5V • 111 Genesolv 01-1, Genesolv DE-15.

Electrical Description
6A The HDSP-2000 four character alphanumeric display has

,m -... .. H-'-.L been designed to allow the user maximum fletbt in
interface electronics design. Each four character display!p'' m '  w~toM TW klm'l l ul"' modulefeaturesDat~la I n DataOut terinal* araye

" ..f - for easy PC board interconnection such that displayCLOCK PAR w4. " ,-r stringe of up to O0 digits may be driven from a s"i

clocking occurs on the high to low transition of the Clock
to_____ -AT OUT I A nput. The like columns of each character in a display

IlmO I. PM - aCedtel (V0 c ev. cluster are tied to a single pin. Figure 5 is the block
Ta - -WC to .7010i diagram for the HDSP-2000. High true data in the shift

"M h a a d register enables the output current mirror driver stageMechanica and Hassociated with each row of LED* in the 5x? diode arry.

Thermal Considerations The reference current for the current mirror Is generated
The HOSP-2000 is available in a standard 12 lead ceramic- from the output voltage of the Va input buffer applied

glass dual in-line package. It is designed for plugging into across the resistor R. The TTL compatible V. input may

DIP sockets or soldering into PC boards. The packages either be tied to Vcc formaximumdisplayintensityorpuise
may be horizontally or vertically Stacked for character width modulated to achieve intensity control and

arrays of any desired size. reduction in power consumption.

The -2000 can be operated over a wide range of The normal mode of operation is depicted in the block
temperature and supply voltages. FJill power operation at diagram of Figure 6. In this circuit, binary input data for

TA = 25'C (Vc(. = V. = V.,,. = 5.25V) is possible by digit 4, column 1 is decoded by the? line output ROM and
providing a total thermal resistance from the seating plane then loaded into the 7 on board shift register locations 1

of the pine to ambient of 35C/W/cluster maximum. For through 7 through a parallel-in-serial-out shift register.

operation above TA = 256C. the maximum device Column 1 datafordigits3,2and I issimilarlydegodedand

dissipation should be derated above 251C at 16mWi/C shifted into the display shift register locations. The

(see Figure 2). Power dersting can be achieved by either column I input is now enabled for an appropriate period of

decreasing V ,,,. or decreasing the average drive current time. T. A similar process is repeated for columns 2, 3. 4

through pulse width modulation of Va. and 5. If the time necessary to decode and load data into
the shift register is t. then with 5 columns, each column of

The -2000 display has an integral contrast enhancement the display is operating at a duty factor of:
filter in the glass lens. Additional front panel contrast
filters may by desirable in most actual display applica- T
tlions. Some suggested filters are Panelgraphic Ruby Red O.F. = 5(t+T)
60, SGL Homalite H100-1605 and Plexiglass 2423. The time frame, t + T, allotted to each column of the
Hewlett-Packard Application Note 964 treats this subject display is generally chosen to provide the maximum duty
in greater detail, factor consistent with the minimum refresh rate necessary

49 - 29 - i0 0 -10 -n 1 1. So

T,- mwe lM11IN ATEU i - Va - it N TEP0 ATUI - C V - WL tL-1o 85- V

FIgue. Maximum Allaole Pawer Flgo RelaIdave Lumious lnlys sy Flg 4. Pn1 Ole. Currea
DIsilaon vs Temperature. vs. Temuture. vs. Celvam V~
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to achieve a flicker free display. For moat strobed displqy It the device is operated at 3.0 MHz clock rate, maxiimum, it
systenis, each column of the display ahould be refreshed is possible to maintain t -t T. For short display strings, the
(turned on) at a minimum rate of 100 times per second. duty factor will then approach 20%. For longer display

With S columns to be addressed, this refresh rate then strings operation at column duty factors of less than 10%
gives a value for the time t + T' of: will still provide adequate display intensity in most

applications. For further applications information, refer to
1/15 x (100)1 =2 msec. HP Application Note 966, Application Bulletin No. 51 and

Application Bulletin No. 55.
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5X"7D MATRIX NW X2
kWLETPACKARD APAUEI

ALPHANUMS -2443
I 1 COMPONENTS DISPLAY SYSTM~21

TENTATIVE DATA SEPTEMBER IV$

Features
*COMPLETE ALPHANUMERIC DISPLAY SYSTEM
UTILIZING THE HDSP-2000 DISPLAY

*CHOICE OF 04,126, OR USER DEFINED ASCII
CHARACTER SET

*CHOICE OF 16, 24, 32, or 40 ELEMENT
DISPLAY PANEL

a MULTIPLE DATA ENTRY FORMATS -

Left, Right, RAM, or Block Entry

a EDITING FEATURES THAT INCLUDE CURSOR,
BACKSPACE, FORWAROSPACE, INSERT,
DELETE, AND CLEAR

* DATA OUTPUT CAPABILITY

a SINGLE 5.0 VOLT POWER SUPPLY

* TTL COMPATIBLE

9 EASILY INTERFACED TO A KEYBOARD OR

A MICROPROCESSOR

Description PART NUMBER DESCRIPTION

The MDSP-24XX series of alphanumeric display systems DslyBad
provides the user withi a completely supported 5 x 7 dot HDSP-2416 SWV*e4k*fl 10 chuaser dlmply peali
matrix display panel. These products free the user's uglluir the HOSP-2000 dhpmy
system from display maintenance and minimize the HOSP-2424 Seisng iw 24 character diqimy panl
interaction normally required for alphanumeric displays. u izr the 05DP-9000 display
Eadh alphanumeric display system is composed of two HDSP-2432 Ungl.Iln 32 chaimotst dwsply parnal
component parts:utlueViHDP20dspy
1. An alphanumeric display controller which consists of a

preprogrammed microprocessor plus associated logic, HDSP44 OnSlle 40 chereclor *plW Py WW
which provides decode, memory, and drive signals ilgVeI0P20dspa
necessary to properly Interface a user's system to an Contele Boaft
HDSP-2000 display. In addition to these basic display DP47 HDP20upshbaktrpafg
support operations, the controller accepts data in any a6 hrcu SI aoe
of four data entry formats and incorporates several a8 hrcpACIdwo
powerful editing routines. HDSP-2471 HDSP-UOO~deplay Mkttm fto ~f9i

2. A display panel which consists of HDSP-2000 displays a16deG~ SI os
matched for luminous intensity and mounted on a P.C. H4OSP-2472 MDSP-2=0 dislay Interims without
board designed to have low thermal resistance. ASCII dacoder. Inta.a 24 pin marke

These alphanumeric display systems are attractive for Ii provIdld toWS a ON=b It 1U dhlr-
apgfications such as data entry terminals, Instrumen- Pelrs M. srpgwno
tation. electronic typewriters, and other products which PROM.____________________

require an easy to use 5 x 7 dot matrix alphanumeric When ordering. specify one each of the Controtter Board and tme

display system. Display Board for each complete system.
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HDSP-2416/-2424/-2432/2440

Recommended
AbSOlute Maximum Ratings Operating Conditions
Supply Voltage Vcc to Ground ......... -.5V to 6.0V m ,ler Symbol in. Moro Max. LNWW

Inputs. Data Out and V& .............. O. 0.5V to Vcc suply Voltage VcC 4.75 5.0 5.25 V

Column Input Voltage. VCOL ......... -0.5V to +6.OV Colum Input

Free Air Operating Temperature Vdftage. Column On VCOL 2.6 V
Range. TAI11 ....... ..... ...... .... . 0C to +550C Setup Time tSETUP 70 45 ns

Storage Temperature Range, TS .... -55C to 1000C H - -3Mold Tise tHOLD 30 0 nre

Width of Clock tW(CLOCK) 75 no

Clock Frequency fCLOCK 0 3 MHz

Clock Transition
TiMe tTHL 200 ne

Free Air Operatingti'
Temperature Range TA 0 55 *C

Electrical Characteristics Over Operating Temperature Range
(Unless otherwise specified)

PaMieler Symbol MIn. Typ.* Max. Units Conditions
Supply Current 45n 60n(21  mA Vcc = 5.25V Vs = 0.4Vl cc VCLOCK=VOATA-2.4Y

73n 95n mA All SR Stages = Va = 2.4V

ICOL 1.5n mA VCC = VCOL - 5.25V Va = 0.4V
Column Current at any Column Input I All SR Stages =

Logical 1
ICOL 335n 410n mA VS = 2.4V

Pek Luminous Intensity per LED Vcc = 5.OV. VCOL = 3.5V
(Chtarctlr Average) Iv PEAK 105 200 ucd Ti = 250CI31, V3 = 2.4V
VILCock or Date Input Threshold High VIH 2.0 V CC = VCOL -4.75V
V Clock or Data Input Threshold Low VIL 0.8 V

Iput Current Logical 1 Va. Clock In 80 MAZII III~ - -VCC= 5.25V, VIH = 2.4V
Data In iIH 40 uA

Wl,4t Current Logical 0 Vs. Clock IlL -500 -800 pA VCC = 5.25V, VIL = 0.4V
Data In IlL -250 -400 MA

poWer Disipatln Per BOrd1 41  PD 0.66n W VCC = 5.0V, VCOL = 2.6V
15 LED's on per Cheracter.
Vs = 2.4V

'All typical values specified at Vcc = 5.OV and TA = 250C unless otherwise noted.

NOTES:
1. Operation above 556C (700C MAX) may be achieved by the use of forced air (150 fpm normal to component side of

HDSP-247X controller board at sea level).
2. n - number of HDSP-2000 packages

HDSP-2416 n - 4
HDSP-2424 n - 6
HDSP-2432 n - 8
HOSP-2440 n - 10

3. j refers to initial case temperature immediately prior to the light measurement.
4. Power dissipation with all characters illuminated.
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If D? is a loic low when the DATA IN lines are read, the (spacei to Pisg L-.1 and ignores all ASCII characters

controller will Interpret Do-Drias standard ASCII data to be outside this subset with the exception of those characters
stored, decoded and displayed. The system accepts seven defined as display commands. These display commands
System displays only the 64 character subset 12O0m HDSP-2470/-2471 systems are shown In Figure 6.

DATA WORD: D-1 0I 5 D 4 03 02 01 DO

ASCII ASSIGNMENT 0 1A A A A A A A DPLAY CMAND

valid ine
LF I CLEAR FlightEnI~
Hasa 0 1 BRACKSPACE CURSOR mad Vaidi
HS 0 0 0 1 0 0 0 SFORWACE CURSOR hd Vamo

Ua 0 1 'I 1 1 I INSERT CHARACTERJ
DE:L 11111I I DELETE CHARACTER

1.. Display Commands for the HDSP-2470/-2471/-2472 Alphanumeric Display Controller.

128 CHARACTER ASCII SET
(HOSP-24711

64 CHARACTER ASCII SUBSET
(HOS-2470I

ftl a 0, k 4

I Art C.- 0 4 - q-1

13001 at---r.
0t~ 11 i2 2 4 i

I~ R"""a.
0040 4 *T o

OT.' - S O

I L TO 5* L3

WeM as~ 8 a I q s o

I R

M R i

a ,l ;ito 1.

019PLAY COMANOS WH"EN USED IN LEFT ENTRY

#DISPLAY COMMIANDS OMEN USED 10N MIGHT EN4TRY

Flomr 6. Display Peont for the HDSP-2470 (64 Character ASCII Subset), and HDOP-2471 (126 Character ASCII Set) Alpitanumerle
Display Controller.
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Appendix D

This appendix provides a list (Table D-l) for checking the design

characteristics against human engineering design criteria set forth in

MIL-STD-1472B. The list is only partially complete. This report does not

provide all the details of the system design and therefore it cannot provide

for a complete evaluation of the design against MIL-STD-1472B. It is the

intent of this appendix to illustrate how the list has been used for

evaluating the design features described in this report, and how it will be

used to evaluate the other design characteristics as they are established. A

check (v) on the list indicates compliance, a 0 indicates a discrepancy, and an

NA indicates not applicable. The first page of the list goes through

N[IL-STD-1472B paragraph by paragraph as would be done before acceptance of the

overall design. The second page selects paragraphs that pertain to design

features included in this report.
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Appendix E

MIL-STD-12C, Abbreviations for Use on

Drawings, Specifications, Standards axi in Technical Documents

(excerpts)

61



*IL-STN-C

a JUN 111

va AuuEVIaTm Taw AMIVIATISN

radio ~raw tape writeradio direction ser~r

UiU ................. RF rD ?m .............. RTWS rtws
radio frequency ......... RF rf raw water ............... RW rw
radio requcy rawhide ................. RWHD rwbdamdifretin by rayon ................... RYN ryn

simulated emission rayon (sAul) ............. HA ra
o radISUOR ............. RASER raser reactance ................ RU.C rosc

radio.4rquncy cbde .... RFC rc reaction ................. RCTN rcta
radio-.reqascy reactivate ............... REACTVT reactt

interference ............ RF rfi reactive factor
radio interference Meter................RIM Hun

field Intensity .......... RIF! rift reactive volt-
radio operator ........... RAD OPR rad opr ampere motor .......... RVA raradio teletypewriter ...... RTf rtty reactor ................. REAC reac
radionoe .............. RAACT radct reactor comartment ..... RC re

radioactive reactor core ............. RCO rcI
liquid wate ............ RALW ralw read ..................... RD rd

Oradiovagle read-write (head) ......... R-W r-w
Insiction .............. RAD IMSP rad mIap reader ................... RDR rdr

radiological .............. RADL radl reader common
radiological contact ................. RCC rcc

defense ................. RADDEF raddef reader tape
radiological contact ................ RTC rtc
warfare.............. RADWAR RADWAR readiness ............... RDNS rdas

radius................HAD rad reading .................. RDNG rdng
Orail ................ R r readout ............... RDOUT rdout
railig.................. RW rig readout and relay ......... R/R r/r
railroad ................. RR rr ready ................... RDY rdy
railway ............... RY ry ready service .......... RS re
raizUgit ................. RT rt real and not-
rainwater corrected

condactor ............... RWC rwc input data .............. RANCID rancid
*raissd .................. RBD red real time ................ RT rt
raised fae .............. RF rf real-time input-
raised face diameter ...... RFD rfd output transduhcer ....... RIOT riot
raised face betlEt ....... RH rfb reamer ............... 3) rmr
rami.et................ RMJ rn)j rear connection ......... RC re
random ................. RNDM rndm rear view ................ RV rv
random access *reassemble .............. REASSEM reassem

discrete address rebabbit ............... RBST rbbt
system ................. RADA radas recalculated ............. RECALC rec/c

ra ................... RM rug recall ................... RCL rcl
rage height receive ................. RCV rev

indicator ............. RI rhi receive -only tape
range lgt .............. RA LT ra It perforator .............. ROTR ratr
ran marks .......... M rm "received...... . RCV1rDv
range rate indicatr ...... RRI rri amreceiver ................ rcvr
rapid retinear ......... 3 rr recwuwr-

"ratchet............... RCHT rcbi transmitter ........... RT rt .
rate ..................... RT rt receiving.. .............. RCVG rcg
rate o dMge ........... RC rc "receptacle ............... RCPT rcpt
ratea .................. RAT rat *reception ............... RCPTN rcptn
rating ................ RTO rtg reces ................ REC rec

to ................. r recessed ............... REC Me
ratu ................. RTTL retl recharer ............. RECHRO rechrg
raw material ............ RM rm reciprocating ............ 33CIP recip

*Abueoitim caM
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I JUNIE all

TERM £3331 VIATION Trn AShEVIA15hU

son"e amlfier ..... SAN & sheathing........ rM hf

sensitive.. ..N .e.s Sshev ......... MY A
.......... * UNS sea Sheet ......... II3S

Li uenuuuvy tune Sheeting ........ III Uk

sensitized ....... SNTZD sotsd shell destroying .... ND D
sensitized material Shellac ......... SM d

print ......... SUP amp shield ......... 31"D ski
sensitizing ....... SNTYO ontag shield
sensor ........ :: SNSR Boor (electron device) .... mH
separate ...... SEP. sap Shielding ........ sHlm skId
separator ........ SEP sep shift ........... 817 skI
sequence ........ SEQ seq shift register ...... SR or
sequence check .... SEQ CHK seq chk ship class . .... SHPCL uie
sequential coding .... SECO sect) ship control. SCOUT....s.entN
serial ......... SER ser ship cour se ....... SCOU seen
serial number ... SERNO "erho ship distance ...... IS ie
series ......... SER ser Ship Draft Indicating

0 Series relay ............ SRLY srly System..............SS am a
serrate ............... SERR serr ship draft indicator
serrated ............... SERR &err transmitter ........... MIT met

* service...............SYCE svce Ship Inertial
service bulletin ......... SB ab Navigational System .. S SNSW
service ceiling ......... SRVCLG srvclg ship parts
service fuel oil ......... 570 SID control center ......... 31PCC spc
service sink ............ Ss as ship service ........... U 8
service, sort and ship service

merge ............... SESAME sesame turbo generator ........ 91 sntg4
serving ............... SERG Borg ship speed ............. UEP SW

servo I................. SVO avo ship status ............. BSS osits
srvomechanism ........ SERVO servo shipboard ............. SHPDD ShaW

servomotor ............ SVMTR avratr shipboard allowance
* setscrew .............. 58CR seCr nist.............. SAL Gel
setter................ SETR setr shipfitter ............ STR oari
setting................ SET set shipment .... .......... SEPT slip

* settling ............... SETG setlg shipping............... SRPXG ohme
seven conductor ......... 7/C 7/c shipping container ....... 53CR Sher
sewage............... SEW sew shock absorber ......... SN ADS sh abs
sewer.........SEW sew shoemaker ............. SHIM sliukr
sexless (cnutr...SXL sal shop miksile assembly
sextant ................ SXTN SXtn and maintenance ....... SIMSA ea
shackle ............... 53 sh shop order ............. 890 so

............................ sr si at *Shore connection ........ S511CONN SkOGI
shaft alley ............. SA sa. shore terminal boxn.......SIB Sib
:haft center ............ SC SC shoreline .............. SULK sohm
shaft extension .......... 571 EXT sflextd short circuit ........... SNORT short
Shan gear ............. SHITOR shftgr short-circuit ratio.......39CR scl

*shaft horsepower ........ SHP Shp short leaf yellow
shakeproof............. SHPRI shprf pine............... SLT? soyp
shank ...... o...........53K shk short ramp
shape ................. SHP Shp navigatilee............ SHORAN Shores

*shaped charge .......... SC &C short side ............ 531WD ghtd
shere ................. SN sh short takeoff ai;d
sharpener............. SHRP shrp landing............ VIOL SIDL
shear plate ............. SP sp short taper...... STIR r

*Abbreviation changed
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URM ASUIVIAIMD Tim ABUEATIMI

very high f requency voltage detector.... VDZT vdst
odndoanda voltage drop ............ VD vd

radio rap ....... VOR VOlt voltage regula tor...... VR yr
very long range ...... VLR vi, rvlaef ....... VRLY W'nv
very low altihde ..... VIA vA -vOMIge WUCWwave
very low frequeme . ... VLF vU ratio .......... VoWn vor
very short takef and otgtual

landing ............... VMTL VMTL magnetron ............ VTM v~tm
vestibule ............... VEST vest voltammeter ........... VAN vam
vestigal sideband ..... v8 Ob voltmeter .............. VM TOM
vestigoi sideband voltmeter switch ........ VS vS

modulation ............ m yS am volume ................ VOL Vol
vibrate ................. VID vib volume indicator ........ VI vi
vibration ............... VIB vib volume of compartment ... VC vc
Vickers hardnes ........ VII VIN volume unit ............. VU V
video .................. VI vid volumetric .............. VLAMC vlmtrc
video amplifier .......... VIDAMP vidamp volute ................. VLT Tit

*video frequency......... VIDF vidl *vulcanize ............... VULC vote
video integration........ VInT VINT *water.................. WPIt wIt
village ................. VIL vii wagon ................ WAG wag
violet .................. VIO vio, wagon box .............. Win wb
viscometer............. VBM vlsmr wainscot ............... WA VAR
viscosity ............... VISC vise waiting ............... WTG wig
viscosity index .......... VI vi *wake light .............. WK LT wk it
visible ................. VBL vsbI wAil board .............. WLB wlb
visual ................. VIS via wall hydrant ............ WHV u

*vlaua aural radio range. VARR varr wall receptacle .......... Wit Wr
visual flight rules....... VFR VFR wall vent............... WV wv
visual identification ... VIMD visid walseal ............... WLSIL wigl
vital load center ......... VLC Vic wanigan ................ WAN wan
vitreos...............r vI it wardrobe ............... WED wrb
vitrified clay ........... VC vc wardroom .............. WR wr
vitrified clay tile ........ VCT vT warehouse ............. WEVSE wbee
voice .................. VO TO warhead............... WARHD war"d
voice actuated traw- warming ............... WM Ifm

mitter keyer warning ................ WRN WIN
inhibitor .............. ANTIVOX ANTI VOX warping ................ WEIPO wrp

voice coil............... VC ye warranty............... WARR Warr
voice frequency ......... VF Vf wash bucket ............. WDI wb
voice-operated device wash fountain ........... WF wt

for automatic Washburn and Moen
transmission .......... VODAT vodat Gage ................. W&M CA W&M CA

voice operated Owaer ............... WINE wshr
transmitter keyer ...... VOX VOX washing ............... WIG wshg

voice to" _e..._.......... *VT vt wahom.......W IT
void................... VD vd waste.................. W w

vlalternating waste pipe .............. WI Vp
current ............... VAC VIC waste stack ............. WS we

volt, direct current ... VDC Vdc water .................. W12 wt
van 'ohm milliamueter. ... VOU o water chiller ............ WCHR wehr

volag................ V v Maurcloset............V we
voltage adjusting water-cooled ............ WCLD weld

rheostat.............. VADJR v adj r water heater...........WEI u
voltage control transfer ... VCT vat water jacket ............ WJ w4
voltage, controlled water line .............. WL wi
oISCIllaor............ VCO Teo water meter............WTM I

Chbbre"los changed
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NITSTL aftsti ..... nitride steel NRCP re ....... nomr e "rod ONI
NK Ak ........ neck
NKL ald ........ nickel NRD nrd ........ opi demand
NL CHO al c ..... normal charge NRETN rsta . . na-retrsr•NL LT At It ...... nt-laying light NRL or .... night raltion locker
NLG nig ........ non landing gear NRVSBL nrvsbi ... rsibl
NLNR alnr ...... nonlinear NRZ n ........ non-raturs-to-seroNLT lt ........ normal lube all tank

NU am ........ noise meter NS NS ........ N&toeal specil aideae
NM n ........ nonmetallic NS as ......... near ste
NM am ........ nuclear magnetron NS a ......... noel istol
NMAG amag ...... nonmagnetic NSLF RN ....... nomsec S

n NO no * normally NS N ....... Navy tBacon" tadardno ........ enNOT at ........ noosup tread
nor NT at........
noccc ..... no control circuit contacts NT at ......... natvgt

= ENOG nog ....... numbering NT a ........ neatiNOL nol ....... normal overload NTC ae........negative temperatutr
NOM nom ....... nominal NTN ntc........neutron
NOMAD nomad ..... naval oceanographic NTP nip ........ normal temperature ad

meteorological preue
automatic device pe

NOMEN nomen .... nomenclature NTPL ntpi ....... nut plt e
NONFLMB nonflmb .... nonflammable NTS not tore
NONSTD nonstd ..... nonstandard NTS nt ........ not to awe
NONSYN nonsyn .... nonsyochronous NTWK ntwk ....... network
NOP nop ....... number of passes NUC sue........notleih
NORM norm ..... normal NU auc........numeal
NORM norm ..... normalize NUM mum ........ numeral
NOSC noac ...... nonoscillating NUM num ....... numerical
NOZ noz ....... nozzle NVR nvr ........ no volae release
NP NP ....... National pipe NWG NWG ...... National Wire Gap
NP np ........ nickel plated NWT wt ........ nmratertigM
NP np ........ nonprocurable NYL nyl ........ nylon
NP np ........ nonpropelled O TOO o too ..... out to out
NPA npa ....... normal pressure angle O&R o&r ....... overhaul ad repair
NPET npet ....... nonpetroleum O&S ois ....... otheris e specified
NPL npl ........ nameplate O/M 0/m ....... outide o mew
NPN npn ....... negative-positive- O/P 0/p ....... osalid print

negative (translstor) OA OR ........ over-aull
NPRN nprn ...... neoprene A OAO ...... orbiting astronomical
NPS NPS ...... Navy Primary Standards observatory
NPSC NPSC ..... straight thread (pipe ODA ob ....... oaygep breathingapparatu

couplings) OBE obe ....... outerback end
NPSF NPSF ..... thread for press tight O8J obi........object

joints OBJ obji........object
NPSH npsh ...... and nipples OsiV oblv ....... oblective
NPSL NPSL ..... locknut pipe thread OBL obi ........ oblique
NPSM npsm ..... joints OBRNR obrr ..... oil bursar
NPT NPT ...... National taper pipe OBS ob ....... obsorve

(thread) hS s ....... obsolete
NPTF nptf ...... tight joints OBSTN obsta ..... obstraction

tih onsOsmV abav.......observationNPTR NPTR .... taper pipe thread OB, obv.......obverse
(railing ftures) OBV obw ....... obervatio n wn

NR nr ........ nonreactive (relay) OC o. ........ onecenter
NR or ........ nuclear reactor
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WD fU....... fronteof daft NEIT alt ..... fully hat-treated
MD 1....... Boeld dynamic braking F"I bay..... firs hydrant

1D0 ... .. . forced-draft blowier FIC tc ........ frequency interference
d* ........ teebeckt

FMC ifd ..... fire-department PM1 ..... AME

PD 116 ..... Bold decelerator MIL III ..... fillet
IDYL AS ...... Gld flow NIL l ..... fli~ster

MMN..... flddischarge FIL fl ..... fuel Injection line
1DM Wda .... frequency division PILO AMu ..... flllaterhbed

multiples FILL nul ..... fillig
DPDN I111 ..... foundation Hp lip ..... fuel injection pump
FDP 11P..... fall dog poit FIR fir ......... fired
FDPL ...... fluid pressure line FIR fir .... fuel indicator reading
IDM l......... feeder FIR fir ......... fail indicator reading

FM ......... funder VK fk ......... fork
IPR d ..... fire door FD Dd.....freID~R ldy ........ foundry nL aI......... fleshing

IDM Mvw........fis"edWe FL U..........flno
VDWL Wal........ fiberboard, double wall Fl, .......... flood (vasnt)
FEB fob ........ functional electronic FL n .......... floor

block FL a .......... floorine
F21D Fed........ Federal FL A .......... flow
YMIR felt ........ feeler FL ft ......... fluid
FELR fair ........ feeler Fl, fl..........flush
72M lea.......female FL flt.......... flute load
FMR, for......orward engine rom FL 11..........tlocal length
133R CON fe orn ferrul-contact FWSW fl/w ........ flesh welding
PTT NZT ....... field-effect transistor 7WD ld ........ field
NEXT lest........ fire extinguisher FLDG fldg ........ folding
N? A .......... file finish FWK fldk ........ night dock

A' i.......... fire fighting LDG fudag:....... floodinga ......... fti flop FLDO Wdo........ final limit. down
At i.........follfwing FLDT nfla........ floodlight

NPI......luiledFLEA nosa........ flxlogic element arrayTIAR flat ........ folding fin aircraft FLEX alex........ lesibLe
rocket FLEX hla........flexure

i s ........ fi flop complementary FLY f......... final limit, forward
MID fMd......... field forcing (decreasing) FIA) fig ......... flngs
M M......... field forcing (increasing) Nw fig ........ flooring
PW am h.......flno, fillister heaw NLISTF flgstf....... flagstaff

F g..... female flared FWSTN flgsta ...... flagsone
*P i ..... field failure FLN fib........ final. lmit, hoist::::::::::.... flip flop latch FLU nfi........ flat bead

MD Ig ......... flaimoaground FLIDEN iden ...... light data entry
Is g.........b X i .... fae

10FC be..... ... aecli"FUD fo .... lmai
MWN OP.....fatoa ospwrM f imprt .... flameproof
IMVP Op.* .... w.. friction horsepower flAM mprs ..... fiun processing
IIS Sir......... fire-hoset rack PLM fumsd....film sound
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